Introduction {#sec1}
============

Millions of patients worldwide suffer chronic or acute difficult wounds that normally take a prolonged time for adequate healing, rendering the site of ulceration prone to serious complicated infections, besides the sensation of pain and disability. According to a publication in the year 2010 around 6.5 million patients in the United States suffer chronic wounds, the majority of whom simultaneously suffer diabetes mellitus and obesity that hinder the healing process. In addition, the article reported that several other millions of patients require post-surgical wound care, and the numbers are increasing annually.[@bib1] Therefore, many research groups and pharmaceutical companies throughout the world are trying to develop treatments that can accelerate the healing process.

Throughout the history, plants have been the mainstay source for remedies, as they contain thousands of chemical compounds, known as phytochemicals, which serve different therapeutic effects. Nowadays, despite the huge development in the pharmaceutical field, many of the currently used drugs are either directly obtained from plants or are derivatives of phytochemical compounds, such as aspirin, cardiac glycosides, atropine, opioids, curare derivatives and pilocarpine.[@bib2] *Ephedra alata* (*E. alata*) is a perennial tough shrubs, with yellow-green and 50--100 cm tall twigs.[@bib3] It belongs to the ephedraceae family of gymnosperms, which contains several well-known pharmacologically active compounds such as ephedrine and pseudoephedrine alkaloids.[@bib4] *E. alata* contains a number of phytochemical classes such as cardiac glycoside, alkaloids, phenols and flavonoids.[@bib5] Despite the lack of clinical evidence, *E. alata* is being used quite often in folk medicine for treating various diseases like cancer. In addition, *E. alata* was suggested by some research groups for the treatment of diabetes mellitus.[@bib6], [@bib7]

This novel work aims to demonstrate whether the extract of *E. alata* can improve the healing process of ulcers caused by deep wounds and full thickness burns.

Materials and methods {#sec2}
=====================

FeCl~3~ was obtained from Riedeldehan Germany, n-hexane was obtained from Frutarom Haifa, NaOH was obtained from Gadot, and H~2~SO~4~ was obtained from Alfa Agar England. Chloroform and folin-ciocalteu\'s reagents were obtained from Sigma--Aldrich Germany. PEG4000 and PEG6000 were obtained from Sunpharma Palestine.

Preparation of *E. alata* plant extract {#sec2.1}
---------------------------------------

A large quantity of whole plant was dried for 2 weeks in a well-ventilated dark room before it was grinded. The extraction was performed in two steps. First the plant powder was incubated with n-hexane and 50% ethanol for 72 h at 30 °C in a shaking incubator. Next the mixture was filtrated and the plant sediment was kept for use in the second extraction step, and the aqueous phase was separated and freeze dried. In the next step, 800 ml of 50% ethanol was added to a bottle containing the sediment of the plant remnant obtained from the first step of extraction. The bottle was incubated at 30 °C for 72 h in a shaking incubator. After that, the mixture was filtered and the filtrate was transferred to a rotary evaporator at 40 °C for 2 h to get rid of ethanol. Next the solution was freeze dried and the obtained yields from the two steps were pooled together and stored at −20 °C until use.

Verification of chemical constituents of *E. alata* extract {#sec2.2}
-----------------------------------------------------------

The presence of the major classes of phytochemical compounds was verified using the method described by Jaradat and colleagues.[@bib5] Briefly, 1 ml of plant extract was mixed with 2 ml of 2% FeCl~3~ solution. A black coloration indicated the presence of tannins. The alkaline reagent test was used to check the presence of flavonoids, for which 2 ml of 2% NaOH solution was mixed with 1 ml of the plant extract turning the solution into yellow color. When a drop of diluted acetic acid was added the yellow color turned colorless, indicating the presence of flavonoids. In order to test the presence of phenols, 1 ml of the plant extract was added to 2 ml distilled water followed by 0.5 ml NaHCO~3~ solution and 0.5 ml folin-ciocalteu\'s reagent; the appearance of a blue color indicates the presence of phenol. Keller--Kilani test was used for testing the presence of glycosides. 10 mg of extract was mixed with 2 ml of glacial acetic acid containing a few drops of 2% FeCl~3~ solutions. Then the mixture was poured into another test tube containing 2 ml of concentrated H~2~SO~4~. The appearance of a brown ring confirmed the presence of cardiac glycosides. The presence of steroids was investigated by adding 2 ml of chloroform and concentrated H~2~SO~4~ to 1 ml of the plant extract. The appearance of a red color in the lower chloroform layer suggested the presence of steroids. Wagner\'s reagent test was used to test the presence of alkaloids, for which 1 ml of the plant extract was added to few drops of saturated Iodine solution, and the reddish-brown color indicated the presence of alkaloids. Finally, the presence of volatile oil was tested by adding 1 ml of plant extract to 2 ml of 50% KOH solution, and the formation of sharp needle crystals confirmed the presence of volatile oils.

In vivo testing for the effect of *E. alata* extract on skin ulcer healing {#sec2.3}
--------------------------------------------------------------------------

Preparation of *E. alata* ointment: Two types of ointments were prepared, placebo ointment consisting only of the base, and the test ointment containing the plant extract as shown in [Table 1](#tbl1){ref-type="table"}.

Preparation of *E. alata* ointment: The powder of the *E. alata* extract was dissolved in water, and then the solution was mixed with PEG4000 and was warmed under stirring until the temperature was between 60 and 65 °C. After that PEG6000 was added with stirring until PEG6000 was fused. After that the mixture was left to cool down to room temperature under continuous stirring.

Preparation of the placebo ointment: A similar method to that used for the EA ointment was used except that no plant extract was added.

Experimental animals {#sec2.4}
--------------------

Six male healthy adult syrian hamsters (*Mesocricetusauratus)*, average body weight of 117 g, were used. The hamsters were left for 1 week in the cages for accommodation before running the experiment. They had free access to water and food all the time. The animal handling and the procedures were carried out according to the guidelines of the Ethics Committee of the International Association for the study of pain. The hamsters were distributed into groups A (3 animals) and B (3 animals). A commercial hair removing cream was used to remove fur from the dorsal surface of the animals.

Induction of skin wound, treatment application and sample collection: The hamsters were anesthetized by the inhalation of ether, and a full thickness piece of fur-free skin was excised with a diameter of around 1.7 cm. One wound ulcer was induced on each animal of group A, while two wound ulcers were induced on group B animals (right and left). On the next day, the ulcers on the right side of group B were treated with the placebo ointment, while the left ulcers were treated with the EA ointment. The ulcers on group A animals were left untreated (negative control). The treatment was applied daily for 15 days when the ulcers had mostly healed. At this time point, macroscopic images for the site of ulcers were documented and full thickness skin biopsies of entire ulcer site from each animal were collected under anesthesia. The samples were fixed in 10% neutral buffered formalin for 24 h at room temperature, and after that they were sent to An-Najah National University Hospital for histopathology studies. Induction of skin burn, treatment application and sample collection: Using similar experimental settings used for the induction of wound, a circular metal plate (1.7 cm in diameter) was warmed in boiling water bath for 5 min and was applied to the fur-free dorsal body surface of the hamster under general anesthesia. One burn ulcer was induced on each animal of group A, while two burn ulcers were induced on group B animals (right and left). The resulting burn sites were treated for another 15 days following the same protocol explained above. At the end of the experiment macroscopic images for the site of ulcers were documented, and full thickness skin biopsies were collected as explained before.

Histopathological investigation for skin samples: Skin samples were sent to the medical labs at An-Najah National University Hospital. The samples were processed and sectioned according to the standard professional procedure followed routinely in the lab for regular pathological samples. The samples were stained by masson-trichrome stain and were examined by a clinical pathologist who was blinded for the samples. In addition, the degree of fibrosis was further digitally evaluated by analyzing the image using ImageJ software, where "color deconvolution plug-in" was used to separate the blue color. After that at least 150 points were randomly selected on the deconvoluted blue image, and the mean gray value was measured for the blue color using the "measure function" in ImageJ software. Paired-sample *t-*test was used to compare the means, and *p* ≤ 0.05 was considered significant.

Results {#sec3}
=======

Phytochemical constituents of *E. alata* extract {#sec3.1}
------------------------------------------------

As previously published by Jaradat and colleagues,[@bib5] the phytochemical analysis of *E. alata* aqueous extract revealed that it contains a variety of organic compound classes such as alkaloids, glycosides, flavonoids and phytosterols ([Table 2](#tbl2){ref-type="table"}). Interestingly, many of the clinically used drugs nowadays belong to these chemical classes, and are known to exhibit a wide range of pharmacological and therapeutic activities. Therefore, it was rational to think of *E. alata* as a potential drug bank for the treatment of a variety of diseases.

Investigation of wound healing activity of *E. alata* extract ointment {#sec3.2}
----------------------------------------------------------------------

After the induction of wound, the negative control animals (group A) received no treatment; while for group B with each animal having two ulcers, one ulcer received placebo ointment and the other one received *E. alata* ointment. The treatment was applied once daily for 15 days. At the end of the experiment macroscopic images for the site of ulcers were documented, and biopsies from these sites were collected and examined histopathologically by a blinded clinical histopathologist.

As shown by the macroscopic images for the site of ulceration, it was observed that the ulcers treated by the EA ointment healed faster than those of the control or with PL-treatment ([Fig. 1](#fig1){ref-type="fig"}). In order to investigate the quality of the healed tissue, microscopic examination was performed using masson-trichrome stain ([Fig. 2](#fig2){ref-type="fig"}). Two samples out of three of group A (AI and AIII) showed minimal fibrosis, while sample (AII) showed severe fibrosis. For group B, all ulcers treated with the EA ointment showed higher degree of fibrosis as compared to the corresponding placebo-treated ulcer of the same animal. In addition, the degree of fibrosis was further digitally evaluated by analyzing the image using ImageJ software. As shown in [Fig. 3](#fig3){ref-type="fig"}, the mean gray value of the blue channel showed significantly lower value for EA-treated samples as compared with the corresponding placebo-treated ones, which reflects darker blue values for EA-treated samples and therefore higher degree of fibrosis, and this indicates a better repair process.

Investigation of burn healing activity of *E. alata* extract ointment {#sec3.3}
---------------------------------------------------------------------

The same protocol used for testing the healing activity of the wound ulcers was used to evaluate the effect of EA ointment on the healing of burn ulcers. As shown by the macroscopic images for the site of ulceration, it was observed that the ulcers treated by the EA ointment healed faster than those of the control or with PL-treatment ([Fig. 4](#fig4){ref-type="fig"}). In order to check the quality of the healed tissue, microscopic examination for tissue biopsies was performed using the masson-trichrome stain as shown in [Fig. 5](#fig5){ref-type="fig"}. Two samples from group A (negative control) AI and AIII showed mild degree of collagen fibers deposition, whereas sample AII demonstrated severe fibrosis. Coming to group B, the ulcer treated with EA ointment was always compared with its internal control ulcer for the same animal treated with the placebo ointment. As compared to the corresponding placebo-treated sample, much better (severe) fibrosis and collagen fibers deposition was identified in sample IIB, which indicates a better repair process. As detailed in the previous experiment, the images were analyzed by ImageJ software in order to digitally compare the degree of fibrosis between the placebo and the EA-treated burn ulcers ([Fig. 6](#fig6){ref-type="fig"}).

Discussion {#sec4}
==========

The management of different kinds of skin ulcers, such as those associated with deep wounds, diabetic foot, bed sores and severe burns is a real clinical challenge. Normally, such ulcers require a prolonged healing time rendering the ulcers prone to difficult infections and disfiguring scaring. Therefore there is a demand towards developing new treatments that can accelerate the process of healing with a suitable quality of the regenerated skin.[@bib8], [@bib9], [@bib10] Besides keratinocyte proliferation and migration, another important event during the healing process is myofibroblasts differentiation and collagen fibers deposition, which is often driven by factors such as transforming growth factor- β (TGF-β) that are upregulated upon tissue injury. Another important event is the reformation of new blood capillary network at the site of tissue repair, which is induced by the vascular endothelial growth factor (VEGF).[@bib11] Several research groups have shown that alkaloids such as taspine and flavonoids such as baicalin and quercetin could improve the process of wound healing via the upregulation of TGF-β and VEGF.[@bib12], [@bib13], [@bib14], [@bib15], [@bib16] In our project, the phytochemical analysis of *E. alata* extracts revealed that the plant is rich of a variety of organic compounds including flavonoids and alkaloids, which was also shown previously by Jaradat and colleagues.[@bib5] Therefore, in this project it was hypothesized that *E. alata* extract could have a wound healing properties. Full thickness wound or full thickness burn ulcers were induced on the dorsal side of the animals.

Treatment of wound ulcers with EA ointment accelerated the healing process, enhanced the deposition of collagen and improved the process of fibrosis as compared to the placebo ointment, indicating a better repair process. We speculate the observed therapeutic effects of EA ointment to be a result of enhanced production of pro-fibrotic factors such as TGF-β and VEGF at the site of drug application. We recommend future detailed studies to test this hypothesis. On the other hand, although the macroscopic examination demonstrated that EA ointment could also accelerate the healing process of the burn ulcers, the analysis of the microscopic images of the histological sections showed that the degree of fibrosis did not actually change significantly with EA treatment as compared to placebo. Unlike the excision wound, high temperature during the induction of burn causes the death of keratinocytes at the edges of the formed ulcer. These cells are known to interact with dermal fibroblasts, which are important for fibroblasts activity and consequently critical for the quality of the healing process.[@bib17], [@bib18] Therefore we hypothesize that the mechanism of action for the active ingredients of *E. alata* might require viable healthy marginal tissue that is capable to produce profibrotic mediators. However, further follow-up studies are required in the future in order to specifically determine the phytochemical compounds responsible for the observed therapeutic effects, and to elucidate the underlying mechanism.
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![Macroscopic examination for the wound ulcers at the 15th day of the experiment. Control group: AI--AIII, received no treatment. Treatment group: BI--BIII. EA: treated with *E. alata* ointment. PL: treated with a placebo ointment.](gr1){#fig1}

![Histology for the skin samples obtained from the site of wound ulcers on day 15th of treatment. The samples were stained with masson-trichrome stain. Group A consists of control samples. In group B, all paired images belong to the same animal. The images in the upper panel are for ulcers treated with placebo ointment, while the images in the lower panel are for ulcers treated with *E. alata* ointment. AI: moderate degree of collagen fibers deposition. AII: severe degree of collagen fibers deposition. AIII: mild degree of collagen fibers deposition. BI placebo: moderate degree of collagen fibers deposition. BI EA: severe degree of collagen fibers deposition. BII placebo: mild degree of collagen fibers deposition. BII EA: moderate degree of collagen fibers deposition. BIII placebo: mild degree of collagen fibers deposition. BIII EA: moderate degree of collagen fibers deposition. Magnification 400×.](gr2){#fig2}

![Image analysis for the degree of fibrosis or wound ulcers. The analysis was performed using ImageJ software. Color deconvolution plug-in was used to separate the blue color. After that at least 150 points were randomly selected on the deconvoluted blue image, and the mean gray value was measured for the blue color using the measure function in ImageJ software. The paired-sample *t*-test showed a statistically significant lower mean gray values for EA-treated samples as compared to the placebo, which reflects darker blue values for EA-treated samples and therefore higher degree of fibrosis. *n* = 3, *p* ≤ 0.05.](gr3){#fig3}

![Macroscopic examination for the wound ulcers at the 15th day of the experiment. Control group: AI--AIII, received no treatment. Treatment group: BI--BIII. EA: treated with *E. alata* ointment. PL: treated with a placebo ointment.](gr4){#fig4}

![Histology for the skin samples obtained from the site of burn ulcers on day 15th of treatment. The samples were stained with masson-trichrome stain. Group A consists of control samples. In group B, all paired images belong to the same animal. The images in the upper panel are for ulcers treated with placebo ointment, while the images in the lower panel are for ulcers treated with *E. alata* ointment. AI: mild degree of collagen fibers deposition. AII: severe fibrosis, indicating the collagen fibers deposition. AIII: minimal fibrosis. BI placebo: mild degree of collagen fibers deposition. BI EA: moderate fibrosis. BII placebo: mild degree of collagen fibers deposition. BII EA: severe fibrosis. BIII placebo: moderate degree of collagen fibers deposition. BIII EA: moderate fibrosis. Magnification 400×.](gr5){#fig5}

![Image analysis for the degree of fibrosis of burn ulcers. The analysis was performed using ImageJ software. Color deconvolution plug-in was used to separate the blue color. After that at least 150 points were randomly selected on the deconvoluted blue image, and the mean gray value was measured for the blue color using the measure function in ImageJ software. The paired-sample *t*-test showed no statistically significant difference between the mean gray values for EA-treated samples and the placebo.](gr6){#fig6}

###### 

Formulation of placebo and test ointments.

Table 1

                                  Placebo ointment   Test ointment
  ------------------------------- ------------------ ---------------
  PEG4000 (g)                     76.5               76.5
  PEG6000 (g)                     9                  9
  Double distilled water (ml)     5                  5
  Powder of aqueous extract (g)   --                 1.5

###### 

Results of phytochemical analysis of *E. alata* extract.

Table 2

  Result     Test                    Phytochemical compound
  ---------- ----------------------- ------------------------
  Positive   Wagner\'s test          Alkaloids
  Positive   Keller--Kilani test     Glycoside
  Positive   Alkaline reagent test   Flavonoid
  Positive   Liebermann test         Phytosteroid
  Positive   Folinciocalteu test     Phenolic compound
  Positive   KOH test                Volatile oil
  Positive   Ferric chloride test    Tannin
